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 第 5 章では，一連の研究成果について述べる． 
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図2-1 新データベースのFront Page 
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用者が比較しやすいように，できるだけ同じ構成とし，文献3)と同様に表2-1の通りとした．     





図2-4 Repair casesの記載例（Steel bridge on road way (bottom flange)のWebページ） 
 
1 Field of application （現場箇所）
2 Circumstances of repair （補修の履歴）
3 Types of structure （構造形式）
4 Details of loading （荷重種類）
5 Description of damage （損傷の概要）







と，図2-5(b)のようにキーワードを含むページの一覧が表示される（この例では“Daniel Boone Br.” 
と“Severn Crossing”が表示される）．ページ名をクリックすると該当する事例のWebページが


































C surface treatments such as TIG dressing and Peening
（TIG処理やピーニングによる表面処理）






































































































図2-7  損傷原因の割合 
Cause1 Welding defects were included at the time of
fabrication.
（溶接の不具合）
Cause2 An inappropriate structrural detail of low fatigues
strength had been adopted.
（低い疲労強度の継ぎ手ディテールの採用）
Cause3 Stresses and defomations unforeseen in design
occurred at joints of members.
（設計で想定していない応力や変形）
Cause4 The structure behaved in a manner not expected such
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3 2 10 2 3 27
2 1 2 9 2 7 60
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(a) Cause1 (b) Cause2 
 
(c) Cause3 (d) Cause4 
図2-9  損傷原因別の損傷発見までの供用年数と損傷事例数との関係 
 













































































































































































































この主桁と横桁の取り合い部の疲労損傷は，山添橋 1)や Hoan 橋 113)のように，主桁の脆性破壊
を発生させる可能性の高い損傷モードである 114)．この疲労き裂は主桁の活荷重応力に依存する




















        (a) 該当部位                (b) き裂例 
 





















①「平成 13 年～平成 27 年までの首都高速道路における点検補修台
帳におけるクラック情報データ」 
 ・含まれる情報：き裂の種類，き裂長，発生位置，上部工 ID 




  適用道示，製作会社，竣工年，使用鋼種の割合，緯度・経度 
  上部工 ID 
 
 共通する情報の上部工 ID で二つのデータを関連付け 
               ↓ 
損傷事例データベース（ファイルメーカ） 
     ↓ 
荷重分配横桁と主桁との取り合い部の疲労亀裂の抽出 
                 き裂数：1,184 個 
 








117)を参考にして，図 3-4 に示す Type-A から Type-D に分類した．Type-A はスカラップの無い
通常の面外ガセット継手構造である．ウエブの両側にガセット板が隅肉溶接で取り付けられてい
る． 
Type-B から Type-D はウエブにスリットを設け，横桁の下フランジを連結する板をスリットに
挿入する構造ディテールである．スリットの端部には孔が設けられており，その大きさと位置を
変えた構造である． 
Type-B は半径 10mm 程度の小孔が設けられた構造であり，仕口フランジコバ面に廻し溶接部
が存在する構造である． 
Type-C は半径 20mm 程度のスカラップが設けられた構造であり，仕口フランジコバ面に廻し
溶接部が存在しない構造である．廻し溶接は連結版の上で施されている． 
























道路橋示方書の疲労設計 116)ではガセット形式で G 等級，貫通タイプで H’等級に分類され，
H’等級は採用しないほうが良い構造ディテールとされている．文献 117)によるこれらの横
桁主桁取り合いディテールに対する実大桁試験によれば，Type-A は G 等級を満足するが，
他のディテールについては G 等級を下回る疲労強度であり，Type-B は H 等級，Type-C, D
は H 等級を満足しない実験結果であった． 
 
b) 損傷レベルの分類 
損傷レベルの分類を図 3-5 に示す．損傷レベル I はき裂の無い健全な状態である．損傷レベル





















母材進展，約 5mm 未満 
損傷レベル  
母材進展，約 5mm 以上 
 




未満進展した状態である．損傷レベル はき裂が母材に 5mm 以上進展した状態である．この分
類は実大桁の疲労試験 118)に基づいて決定した．文献 118)はレベル III とレベル IV の境界は，疲
労き裂が母材に侵入した時点としているが，ここでは母材上 5mm としている．疲労試験によれ




全 1,184 個のき裂に対する仕口タイプの割合を図 3-6 に示す．スカラップの無い通常の面外ガ
セットタイプである Type-A が 72%を占めた．き裂が発生していない箇所も含め Type-A の構造
が一般的な構造として数多く採用されているためであると考えられる．次いで Type-B が 13%で





















































表 3-1 仕口タイプと損傷レベルの関係 
 
 
図 3-7 仕口タイプ毎の損傷レベルの割合 
 
Ⅱ Ⅲ Ⅳ
Type-A 825 14 15 854
Type-B 149 0 1 150
Type-C 71 8 3 82
Type-D 92 1 5 98













10 1 2 












Type-A Type-B Type-C Type-D








         
(a)損傷レベル ， ， のプロット              (b)損傷レベル のみのプロット 
 
                           
(c)損傷レベル のみのプロット             (d)損傷レベル のみのプロット 












ある．図 3-9 に文献 119)に示されている首都高速における開通（1962 年度）～2001 年の累積等
価繰返し回数を示す．累積等価繰返し回数が多い区間は都心環状線（C1）の北側，都心環状線
（C1）から箱崎に至るまでの 6 号向島線（6），3 号渋谷線（3），湾岸線（B）東京～千葉間で
ある． 
図 3-10 は上記の累積等価繰返し回数の多い区間を疲労き裂発生箇所図に示したものである．
図 3-10 より 3 号渋谷線（3），都心環状線（C1）から箱崎に至るまでの 6 号向島線（6）は疲労
き裂が多く発生していることが分かる．しかし，都心環状線（C1）の北側や湾岸線（B）東京～
千葉間ではそれほど多く発生していない．前述の区間に比べて累積等価繰返し回数が若干少ない
4 号新宿線（4）の新宿から西側で疲労き裂の発生が多いことが分かる．これは，鋼 I 桁区間が
新宿から西側でしか採用されていないためと考えられる．図 3-11 に鋼 I 桁橋が採用されている










図 3-9 開通(1962 年度)～2001 年の累積等価繰返し回数 119)  
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図 3-10 累積等価繰返し回数の多い箇所と疲労き裂発生箇所との関係 
 
 













































もと，道路法施行規則の一部を改正する省令が平成 26 年 3 月 31 日に告示され，同年 7 月 1 日よ














121)，122)．平成 24 年度の実績では 177 名が受講し，その内の 7 割が施設のある中部地域の受講者
であり，地域に根付いた取組みと言える． 





















教育ソフトの主たる部分の開発は 3D ゲーム開発ソフトの Unity を用いた．Unity はゲーム開
発ソフトであるが， 近では様々な分野で利用され始めている．例えば，医療の分野では Unity
を用いて 3D 人体解剖アプリが開発されている 123)．また，Unity は外部ツールとの連携にも秀で
ており，SketchUp などの 3DCG ソフトウェアで作成した 3D モデルを Unity にインポートするこ
とが可能である．本研究では近接目視点検対象となる橋梁の 3D モデルを SketchUp で作成し，
Unity にインポートした． 
更に，Unity には Asset と呼ばれるゲーム開発を行うためのリソースが専用の Web 上に公開さ
れている．Asset を活用することにより，開発の労力を大幅に削減することができる．本研究で
は利用者が操作する点検員（以下，模擬点検員）の基本コンポーネントに Asset を活用し，Unity
上で修正を加えることで，模擬点検員として設定した．教育ソフト全体の制御は C#と Java Script
のプログラムにより行った． 
Unity で開発したアプリケーションは Windows や Mac，Linux などの複数の OS 上でスタン
ドアローンとして利用可能とすることができる．さらに，ウェブブラウザを使ってインターネッ
トを介したネットワークアプリケーション（以下，Web Player）としても利用可能とすること
ができる．本研究では多くの技術者が利用できるように開発した教育ソフトを Web Player とし
て公開することとした．なお Web Player の利用にあたっては初回のみ Web Player を動作させ














者の PC と当研究室のインターネットサーバーにより構成される．教育ソフトを Web Player とし




























モデル化した．モデル化は Unity にインポートする前段階の SkechUp で行っている．本研究では
前述の 10 種類の疲労き裂のみモデル化を行ったが，疲労き裂モデル数の増減や，疲労き裂の長
さの変更は SkechUp で実施可能である．なお，この疲労き裂モデルは，後述する Learning mode
では画面に表示されるが，Experience mode では表示されない． 
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図 4-5 モデル化した疲労き裂 
 
図 4-4 作成した橋梁の 3DCG モデル 
  












ウェブブラウザを使って前述のデータベースの URL にアクセスし，図 4-1 の黒点線枠で示し











員の操作方法は Learning mode と Experience mode で共通であり，表 4-1 の通りである． 
 












4.5.2 Learning mode 
Learning mode の目的は利用者が疲労き裂の発生部位と発生原因とを効率的に学習できるこ
とである．  
図 4-6 の Learning mode をクリックするとウェブブラウザにタイトル画面が表示される（図
4-7）．タイトル画面には Mission と Control guide が記載されている．この mode の Mission




図 4-7  タイトル画面（Learning mode） 
 
 




















図 4-9  疲労き裂(a)発見シーン 
 
 
図 4-10  疲労き裂解説スライド 
 
 
図 4-11 き裂(a)の解説スライドを閉じると，き裂(b)にスポットライトが照らされる 
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4.5.3 Experience mode 
Experience mode は利用者が近接目視すべき部位をどの程度理解しているかを確認するため
に作成した．この mode の Mission は利用者が G1 及び G2 の S1 側支点部から S2 側支点部の
範囲の全ての近接目視すべき部位を利用者自らが考え，近接目視を行うことである．そのため，
この mode では Learning mode で明示された疲労き裂を示す赤色の線と疲労き裂を設置した場
所を照らすスポットライトのヒントは用意されていない（図 4-12）．   
要近接目視箇所は G1 の G2 側の面と，G2 の G1 側の面で，図 4-5 の(a)～(j)に示した疲労き





示す画面が表示される．図 4-14 は，要近接目視箇所 85 箇所に対し，近接目視した箇所が 19 箇
















図 4-13 教育ソフトの終了判断画面 
 
 
図 4-14 近接目視結果の表示 
 
 









講習会後に教育ソフトに関するアンケート調査を行った．講習会の様子を図 4-16 に示す． 
 
図 4-16  教育ソフトを利用した講習会の様子 
 
アンケートの調査対象は建設コンサルタント勤務者 40 名，検査会社勤務者 2 名の合計 42 名で
ある．          
アンケート調査項目は表 4-2 に示す 5 項目とし，全ての調査項目について 5 件法で実施した．
Q1～Q5 のアンケート結果を図 4-17(a)～(e) に示す． 
Q1 のアンケート結果（図 4-17(a)）から約 95%（そう思う=64.3%，ややそう思う=31.0%）の
受講者が疲労損傷発生部位の理解についてはテキストよりも教育ソフトの方が理解に効果的で
あると感じており，構造が視覚的に映し出される教育ソフトの特徴が理解されたと考えられる． 
Q2 のアンケート結果（図 4-17(b)）から約 72%（そう思う=40.5%，ややそう思う=31.0%）の
受講者が疲労損傷発生原因の理解についてもテキストよりも教育ソフトの方が理解に効果的で





Q3 のアンケート結果（図 4-17(c)）から約 88%（そう思う=66.7%，ややそう思う=21.4%）の
受講者が、インターネットを利用した自己学習ツールとして利用したいと回答している．ウェブ
ブラウザを使って簡単に利用できる仕様が，自己学習への抵抗感を下げられたと考えられる．こ
のことは同様の結果となった Q4 のアンケート結果（図 4-17(d)）にも示されているものと考え
られる． 




































(a) Q1 のアンケート結果 (b) Q2 のアンケート結果 
(c) Q3 のアンケート結果 (d) Q4 のアンケート結果 
 
(e) Q5 のアンケート結果 
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1 Steel bridge on roadway bridge (at 
coped end) 
1964 14 Coped end of main girder 2 H IV Stop hole, Bolted splice 3) 
2 Steel bridge on roadway bridge (at 
coped end) (Part 2) 
1968 13 Coped end of main girder 2 H IV Re-weld, Bolted splice 
3) 
3 Jhojuin Br. (connection plates between 
floor beams and truss chords) 
1969 22 Welds toe of connection plates 
between floor beams and main truss 
chord members 
3 H II Gouging, Re-weld 
New attachment 
3) 
4 Steel bridge on Hanshin Expressway 1969 14 Welds of web gap plates at the 
floorbeam and sway bracing 
locations 
3 B III Replacement, Gouging 
Re-weld 
3) 
5 The Fourth Line of The Metropolitan 
Expressway 
1973 15 Welds of web gap plates at the 
girder-floorbeam locations 
3 C III Replacement, Re-weld 
Tig dressing 
3) 
6 Steel bridge of The Tomei Expressway 1968 15 Weld toes of connection plate end at 
transverse lateral locations 
3 H III Addition of cross bracing 
or reinforced concrete 
deck 
3) 
7 Shindenpo Bridge of Route 43 1966 24 Sole plate front welds at girder 
supports 
2 E IV Replacement, Bolted 
splice 
3) 
8 Skewed girder bridge on roadway 
bridge 
1964 18 Fillet weld of sole plate at girder 
support location 
2 G IV Stop hole, Bolted splice 
3) 
9 The Third line of The Metropolitan 
Expressway 
1971 15 Sole plate welds at girder supports 2 G IV Stop hole, Bolted splice 
3) 
10 Two hinges arch bridge on roadway 
bridge 
1965 16 Welds at gusset plate connection 
with stiffening girders and arch ribs 
2 H IV Stop hole, Bolted splice, 
Pin connection 
3) 
11 Deck-type two hinge arch Br. 
 
1962 20 Ends of side span girder 2 G IV Stop hole, Bolte dsplice, 
Install bracket 
3) 
  1962 20 Connections betweeen column 
member and arch ribs 
3 H III Improveing guseet detail, 
Re-weld and Tig dressing 
3) 
12 Shemimaru Bridge of Meishin 
Expressway 
1963 21 Vertical member ends and stringer 
webs 
2 H IV Improvement of the 
gusset detail, Addition of 
the member 
3) 
13 Two hinges arch bridge on roadway 
bridge (Part 2) 
1969 20 Vertical member weld connections 
with arch ribs and stiffening girders 
3 D III Removal of crack, 
Re-weld, Tig dressing, 
Bolted splice 
3) 
  1969 20 Boxing of the gusset plate end which 
connected the lateral bracing to the 
end floorbeam 
3 D III Removal of crack, 
Re-weld, Tig dressing, 
Bolted splice 
3) 
14 Through-type curved-chord warren 
truss bridge 
1968 21 Floorbeam top web gaps at bottom 
chord member connections 
3 H III Re-weld, Flanges 
connection 
3) 
15 Deck-type Langer bridge on roadway 
bridge 
1955 21 Top and bottom ends of stringers 
and floorbeams 
2 H IV Knee bracing, Bolted 
splice 
3) 
16 Minato-Shin bridge of R-23 1964 23 Corners of diaphragms and at 
intersections of transverse and 
longitudinal ribs 
2 H IV Stop hole, Addition of 
truss structure 
3) 
17 Gerber bridge on roadway bridge 1955 29 Coped corner at hinge locations 2 H IV Stop hole, Re-weld, 
Bolted splice 
3) 
18 Gerber bridge on roadway bridge (Part 
2) 
1962 29 Gerber hinge location 2 H IV Re-weld, Bolted splice 
3) 
55
19 Steel bridge on Hanshin Expressway 
(at bracket end) 
- - Interior vertical stiffener end and at 
bracket connection with box girder 
web 
4 E - Removal of crack, Bolted 
splice 
3) 
20 Steel bridge on Hanshin Expressway 
(at gusset end) 
- - Contact locations between gusset 
plates and vertical stiffeners 
2 H IV Replacement, Angle 
connection 
3) 
21 Steel bridge on Hanshin Expressway 
(at branching girder end) 
- - Weld root between girder web and 
branching girder web 
1 B - Gouging, Re-weld, Plate 
connection 
3) 
22 Steel bridge on Hanshin Expressway 
(at web gusset) 
1973 13 Fillet weld beads between girder 
web and gusset plate and between 
end vertical stiffeners and girder 
webs 
4 E - Bolted splice 
3) 
23 Steel bridge on Hanshin Expressway 
(at sole plate) 
1970 12 Fillet weld toes of sole plates under 
girder webs 
2 H IV Replacement 
3) 
1970 14 Fillet weld toes of sole plates under 
girder webs 
2 B IV Stop hole 
Scallop+gouging+Re-wel
d, Welded and bolted 
splice 
3) 
24 Steel bridge on Hanshin Expressway 
(at corner plate weld) 
1968 16 Welds of the corner plates at the 
diaphragm locations 
3 F III Gouging, Re-weld, 
Removal of a part of 
corner plates 
3) 
25 Steel bridge on Hanshin Expressway 
(at cantilever bracket) 
- - Flange-web fillet welds of cantilever 
brackets which supported sign poles 
4 H - Replacement with bracket 
fabricated with full 
penetration groove weld 
3) 
26 Steel bridge on Hanshin Expressway 
(at floor-beam coped end) 
- - Coped web of the end floorbeam 4 E - Re-weld, Bolted splice 
3) 
27 Komazawa Br. - 22 Intersection of lower flange of 
stiffening girder and vertical 
member 
2 E IV Grinding+Re-weld, stop 
hole, Bolted splice 
3) 
28 Shitoku-Ohashi 1967 0.4 Fillet weld at gusset connection with 
diagonal members 
4 H  Circular plate connection, 
Spirraled of trip wire 
3) 
29 Steel bridge on Hanshin Expressway 
(at floor-beam end) 
1970 - Weld toe of floorbeam bottom 
flange at floorbeam-girder 
connection 
3 E III Bolted splice 
3) 
30 Deck-type Arch bridge on Tomei 
Expressway 
1969 - Boxing joint at the vertical member 
connection with the stiffening girder 





31 Sozuka-Ohhashi (at member 
connection) 
1966 15 Joint of arch rib and cross beam and 
at cross beam-stringer connection 
3 H IV Addition of diagonal 
members 
3) 
 1966 15 Weld beads of the suspension 
members at the lower lateral bracing 
connections with the stringer 
3 H IV Replacement 
3) 
32 Mashita Bridge - - Vertical member and tie girder 4 H - Plate connection 
3) 
33 Through-type Langer bridge on the 
roadway bridge 
- - Changing part of section at both top 
and bottom ends of vertical members
4 H - Re-weld, Install of rib 
plate, Install of device 
3) 
34 Steel bridge on roadway (bottom 
flange) 
1973 15 Butt welding of bottom flange 1 E - Bolted splice 7) 
35 Ikitsuki Bridge 1991 18 Panel point of the diagonal member 3 H III Replacement 8) ，
9) 
36 Tokyo Gate Bridge 2010 0 Welded joint of bottom lateral rib 
and longitudinal rib 
4 H - Replacement 10) 
37 Yamazoe Bridge 1971 35 Web panel of main girder 2 E IV Bolted splice 11) 
38 M Bridge 1972 38 Web panel of the end of the girder 3 H IV Bolted splice 12) 
39 The Third line of The Metropolitan 
Expressway(Part 2) 
1972 28 Welded joints which joined the 
gusset plates of lateral bracings to 
the web panels of the main girders 
2 E IV Bolted splice 13) 
14) 
40 Steel bridge of The Tomei 
Expessway(at sole plate) 
1978 22 Sole plate welds at girder support 
locations 
2 H IV Gouging, Re-weld, Bolted 
splice 
15) 
41 Steel Bridge on The Hanshin 
Expressway(web gap plate) 
- - Web gap plates 3 H III Install semicircular notch 16) 
17) 
42 Through Type Warren Truss 1965 42 Panel point of the diagonal member 3 H III Bolted splice 18) 
19) 
43 Half-through-type Arch Bridge 1970 37 Panel point of archrib and hanger 
member 
3 H IV Bolted splice 20) 
44 The Third line of The Metropolitan 
Expressway(Connection part structure 
between main girder and cross beam) 
- - Connection part structure between 
main girder and cross beam 
2 E IV Bolted splice 21) 
56
45 Inner Circular Route of The 
Metropolitan Expressway 
1964 40 Corner of steel pier, coped end and 
base part of support 
3 H III Full web of main girder, 
Cross beam enlargement, 
stringer enlargement 
22) 
46 Inner Circular Route of The 
Metropolitan Expressway(part2) 
- - Corner of steel pier, bracket and 
coped end 
3 H III Construction of new cross 
girder 
23) 
47 Steel bridge of The Metropolitan 
Expressway(corner of coped end) 
- - Corner of coped end 2 H III Bolted splice, Re-welding 24) 
48 I section plate girder(jointed part 
between gusset plate and main girder) 
- - Jointed part between gusset plate 
and main girder 
3 H III Bolted splice 25) 
49 Steel bridge of The Metropolitan 
Expressway(box girder) 
- - Steel box girder 1 H - Bolted splice, Drilling 
scallop 
26) 
50 The Higashi-Osaka line of The 
Hanshin Expressway(at support point) 
1978 32 Welded joint between lower flnage 
of main girder and lower flange of 
cross girder 
2 H IV Bolted splice 27) 
51 Steel bridge on roadway bridge(at 
support point) 
1971 42 Welded joint between web of main 
girder and lower flange of main 
girder 
2 E IV Bolted splice 28) 
52 Suzugamori ramp of The Metropolitan 
Expressway(coped end) 
1964 38 Coped end of main girder 2 B III Removal of crack, 
Re-weld 
29) 
53 Steel bridge of The Metropolitan 
Expressway(end of main girder) 
- - Fillet weld of shoe seat and end of 
sole plate 
2 H IV Stop hole, Replacement of 
bearings, Bolted splice 
30) 
54 Komatsugawa bridge of The 
Metropolitan Expressway(Anchor bolt 
of pendel shoe) 
1971 31 Anchor bolt of pendel shoe 3 H IV Install anchoring structure 31) 
32) 
55 Steel bridge of The Metropolitan 
Expressway(at diaphragm) 
- - Diaphragms of steel box girder 2 H IV Bolted splice 33) 
56 Sengawa bridge of Chuou 
Expessway(connection part between 
main girder and cross beam) 
- - Connection part between main 
girder and cross beam 
3 H IV Bolted splice 34) 
57 Gerber truss bridge(floor system) 1954 45 Joint between cross beam and 
stringer 
2 H IV Bolted splice 35) 
36) 
58 Kanmon bridge(Connection plates of 
stringers) 




59 Suspension bridge (hanger anchorage) - - Hanger anchorage 4 H - Replacement of hanger 
members 
39) 
60 Skew composite plate girder (Sway 
bracing) 
1967 20 sway bracing 3 H III Gouging, Re-welds, 
Bolted splice 
40) 
61 Steel bridge of The Metropolitan 
Expressway(Box girder with overhung 
bracket) 
1969 36 Connection between main girder 
webs and lateral gussets 
3 H IV Stop holes, Bolted splice 41) 
62 Kamihata Bridge(Girder end lower 
flange) 
1970 37 Girder end lower flange 3 E IV Stop hole, Bolted splice 42) 

















1 Shinkansen Br. (end of gusset attached 
to a flange) 
- - End of gusset attached to flange 2 F IV Fillet radius enlargement 
by machine cut 
3) 
2 Shinkansen Br. (fatigue cracks at main 
girder - floorbeam connection) 
1964 10 Main girder - floorbeam connection 3 H IV Re-weld, Bolted splice 
3) 
3 Shinkansen Br. (ends of vertical 
stiffener) 
1964 10 Ends of vertical stiffefners 4 D - Tig dressing 
3) 
4 Shinkansen Br. (fatigue cracks at coped 
end of girder) 
1964 30 Coped end of deck plate girder 2 H IV Reinforcement by truss 
structure 
3) 
5 Shinkansen Br.(connections between 
stringers and floorbeams in steel 
railway trusses) 
1964 40 Connections between stringers and 
floorbeams 




6 Railway Br.(welded joint between 
upper flange of stringer and vertical 
stiffener ) 
- - Welded joint between upper flange of 
stringer and vertical stiffener 
3 H III Bolted splice 46) 
7 Railway Br.(welded joint between web 
of stringer and vertical stiffener ) 
- - Welded joint between web of stringer 
and vertical stiffener 
3 H III L-form bolted splice 47) 
57
8 Railway Br.(angle steel’s corner of 
upper flange) 
- - Angle steel's corner part of upper 
flange of stringer 
3 H IV Replacement of upper 
flange 
48) 
9 Railway Br.(at sole plate) 1972 40 Welding joint between sole plate and 
lower flange 
3 E IV Bolted splice 49) 
10 Railway Br.(at angle steel on sole 
plete) 
1928 81 Angle steel on sole plate 2 H IV Bolted splice 50) 
11 Railway Br.(at coped end part1) - - Coped end of main girder 2 H IV Bolted splice 51) 
12 Railway Br.(at buckle plate) - - Buckle plate 3 H IV Rainforcement by railroad 
tie holding type girde 
52) 
13 Railway Br.(knee brace) 1971 40 Knee brace 3 H III Carbon fiber sheet 53) 
14 Railway Br.(end cross girder) 1968 41 End cross girder 3 H III Carbon fiber sheet 54) 
15 Railway Br.(end stiffener) - - End stiffener 3 H II Installing semicircular 
notches 
55) 
16 Railway Br.(joint part between end 
cross girder knee brace and main 
girder ) 
- - Jointed part between end cross girder 
knee brace and main girder 
3 B III Re-weld 56) 
17 Shinkansen Br.(connections between 
bracket and main girder ) 
1964 45 Connections between bracket and 
main girder 
3 H III Bolted splice 57) 
18 Shinkansen Br.(support girder) - - Brackets of support girder 3 H IV Bolted splice 58) 
19 Railway Br.(at sole plete part2) 1928 82 Angle steel on lower flange which was 
near support 
3 E IV Bolted splice 59) 
20 Railway Br.(floor system) - - Floor system 3 H IV Replacement of stringer 60) 
21 Railway Br.(at sole plete part3) 1920 94 Angle steel on lower flange which was 
near support 
2 H IV Bolted splice 61) 
22 Railway Br.(at stringer) 1968 37 Stringers 2 H IV Replacement of stringer, 
Bolted splice 
62) 
23 Shinkansen Br.(cross part between 
longitudinal rib and transverse rib) 
1964 40 Cross parts between longitudinal ribs 
and transverse ribs 
3 H III Bolted splice 63) 
24 Railway Br.(end cross beam) 1981 25 End cross beam 3 H IV Gouging, Re-weld, Bolted 
splice 
64) 
25 Railway Br.(end cross beam part2) - - End cross beam 3 H IV Gouging, Re-weld, Bolted 
splice 
65) 
26 Railway Br.(at stringer part2) 1963 45 Stringers 3 H IV Bolted splice 66) 
27 Shinkansen Br.(stringer of trough truss) 1960 40 Stringer of trough truss 3 H IV Installing sway bracing, 
under stringer lateral, and 
bolted splice 
67) 
28 Railway Br.(at end cross beam) - 81 End cross beam 3 H III Replacement of end cross 
beam 
68) 
29 Railway Br.(at stiffener of support 
point) 
- 40 Stiffener of support point 2 H IV Rebuilt 69) 
30 Railway Br.(welded joint between web 
of stringer and vertical stiffener 
(part2)) 
1971 40 Welded joint between web of stringer 
and vertical stiffener 
3 H IV Bolted splice 70) 
31 Railway Br.(Connection angle) 1951 61 Connection angle 3 H III Bolted splice 71) 




Installing lateral bracings 
72) 
















1 Steel bridge on highway I-75, Georgia, 
USA 
1976 20 Top ends of vertical stiffeners of 
main longitudinal girders 
2 D IV Stop hole, 
Gouging+Re-weld, UIT 
3) 
2 Quinnipiac River (Defects in the butt 
welds of horizontal stiffener) 
1964 9 Butt connection groove weld of 
longitudinal stiffeners 
1 E - Bolted splice 
3) 
3 Yellow Mill Pond Br. (Cover plate 
ends, stress concentration) 
1958 12 Cover plate fillet weld toe 2 E IV Bolted splice 
3) 
4 Cleveland I-90 (vibration while the 
girders carried by train) 




5 Aquasabon River (defects in the short 
groove weld in the web) 
1948 15 Short groove weld in web 1 E - Bolted splice 
3) 
6 
I-95 over Rappahannock River , 
Virginia. 
1961 20 Butt connection groove weld of 
continuous tension-side longitudinal 
stiffener 
2 E IV Bolted splice 
3) 
7 
The Central Artery of I-93 in Boston, 
Massachusetts 
1974 10 Horizontal fatigue cracks along 
longitudinal girder bottom 










 1974 10 Vertical fatigue cracks in 
longitudinal girder webs at reentrant 
corner of bottom cope and along 
bolt fixity line of connection angle 





 1973 13 Intersection of fillet welds and 
groove welds 
1 H - Stop hole, 
Wide flange detail 
3) 
8 
Canoe Creek Br. 1969 14 Girder top web gaps between girder 
web-flange fillet weld and cut short 
and of transverse connection plate 




 1969 14 Girder horizontal web gap between 
lateral tab and transverse 
connection plate at lateral tab weld 
toe 
3 G IV Stop hole, 
Gap size increase 
3) 
9 
2682 Br. in I-79 1972 12 Fatigue cracks in girder web at cut 
short ends of intermediate web 
stiffeners 
3 G IV Stop hole 
3) 
 
 1972 12 Vertical fatigue cracks along 
stiffener weld at web gap locations 




 1972 12 Fatigue cracks in floorbeam web 
copes at floorbeam top flange 
termination 




Platte-Winner Br. 1961 25 Fatigue cracks in girder web gaps in 
positive and negative moment 
regions 




Third St. Viaduct 1960 18 Fatigue crack from cold lap by weld 
intersection of groove weld 
connecting lateral gusset plate to 
girder web and fillet weld 
connecting transverse stiffener to 
girder web 





2680 Br. 1972 12 Fatigue cracks in bottom web gaps 
at web stiffener ends near field 
splices 







12 Fatigue cracks in girder top web 
gaps at transverse connection plate 
end and along web-flange weld toe 





Beaver Creek Br. 1969 15 Fatigue cracks along transverse 
connection plate end and along 
web-flange fillet weld 




Thomas Br. 1979 9 Fatigue cracks in top and bottom 
un-stiffened web gaps at transverse 
connection plate ends 




I-84 1978 6 Fatigue cracks in vertical gaps of 
connection plates along fillet weld 
toe attaching floorbeam and 
cantilever bracket webs to main 
girder web 
4 H - Removal of plate 




 1978 6 Fatigue cracks in horizontal gaps 
along web fillet weld toe attaching 
floorbeam web to flange, and 
bracket web to flange 
4 G - Stop hole 
3) 
16 Lehigh Canal and River Br. 1953 19 Fatigue cracks in tie plates 3 H IV Replacement 
3) 
  1953 19 Fatigue cracks in floorbeam and 
bracket webs at top cope 
3 E IV Stop hole 
Bolted splice 
3) 
17 Woodrow Wilson Memorial Br. 1962 20 Horizontal fatigue cracks under 
stringers along fillet welds 
connecting web to top flange of 
floorbeam 





17 Woodrow Wilson Memorial Br. 1962 20 Vertical fatigue cracks at either top 
or bottom flange cope of floorbeam 
webs 
2 E IV Stop hole 
Bolted splice 
3) 
  1962 20 Horizontal fatigue cracks in web 
gaps of main girder along fillet 
welds connecting webs to top flange
2 E IV Stop hole 
Bolted splice 
3) 
18 Daniel Boone Br. 1965 20 Fatigue cracks in longitudinal girder 
web gaps at transverse connection 
plates 
3 H IV Stop hole 
Angle connection 
3) 
  1965 20 Fatigue cracks in longitudinal girder 
web cope at connection with box 
beam cap 
3 H IV Stop hole 
Bolt connection 
3) 
19 I-470 and I-79 tied arch Br. 1983 7 Fatigue cracks at fillet weld 
terminations of diaphragm-tie girder 
web connection 
3 H III Stop hole 
Angle connection 
3) 
  1983 7 Fatigue cracks at groove weld root 
of tie girder web-flange connection 
1 H - Stop hole 
Angle connection 
3) 
20 I-83 and I-695 Interchange 1974 6 Fatigue cracks at box girder webs in 
top web gaps of negative moment 
regions 
3 F III Stop hole 
Angle connection 
3) 
21 Section D10 1979 5 Fatigue cracks in box girder bottom 
web gaps at weld toe of transverse 
connection plates 
3 H III Stop hole 
Positive attachment 
3) 
22 Section L-2C 1979 8 Fatigue cracks in groove-weld 
butt-splice connections of back-up 
bars 
1 A - Grind out 
Hole saw 
3) 
23 Lafayette Street Br. 1968 7 Fatigue crack at weld intersection 
which connected web gusset plate 
to vertical stiffener 
1 F - Bolted splice 
Drilled hole with 
grind smooth 
3) 
24 U.S.51 Br. 1958 22 Fatigue cracks in butt connection 
groove welds of cover plates 
1 E - Bolted splice 
3) 
25 Dan Ryan Express 1969 9 Fatigue cracks in groove weld at 
box beam web connection with 
girder bottom girder flange 
1 F - Shop hole 
Saw cut 
3) 
26 No. 28 County road Br. 1968 9 Fatigue cracks from cores refilled 
by welding in the main girder web, 
where were drilled by mistake 
1 E - Replacement of 
cracked parts 
3) 
27 Gulf Outlet Bridge, Louisiana. 1965 13 Fatigue cracks in fillet welds 
(corner joints) of tie girder 
web-flange connections near 
Pin-Link connection 
1 A - Crack removal 
3) 
28 Allegheny River Br. 1952 19 Fatigue cracks in tie plate connected 
with floorbeam top flange and 
cantilever bracket top flange 
3 E IV Bolted splice 
3) 
29 I-480 Cuyahoga River Br. 1973 0 Fatigue cracks in ends of 
intermediate stiffeners (the girder 
web gap) 
4 G - Stop hole 
3) 
30 Poplar Street Br. 1971 2 Fatigue cracks in girder bottom web 
gaps between girder bottom flange 
and cut short ends of vertical 
connection plates near girder 
support 




  1971 
 
 
2 Fatigue cracks in girder top web 
gaps between girder top flanges and 
top ends of vertical connection 
plates at negative moment regions 
3 G III Stop hole 
3) 
  1971 
 
 
2 Fatigue cracks in end stiffener 
termination doubling as connection 
plate connected to transverse 
floorbeam 




31 Polk County Br. 1963 16 Fatigue cracks in girder web gaps at 
girder-floorbeam connections near 
pier locations of negative moment 
regions 




32 Belle Fourche River Br. 1958 18 Fatigue cracks in girder web gaps of 
girder-diaphragm connections near 
girder compression flanges of 
positive moment regions 
3 G IV Stop hole 
Weld connection 
3) 
33 Chamberlain Br. 1952 21 Fatigue cracks along the girder 
web-flange weld at girder web gap 




  1952 21 Fatigue cracks in girder web at top 
end of intermittent fillet weld of 
vertical stiffener 
3 G IV Stop hole 
Weld connection 
3) 
34 Prairie Du Chien Br. 1974 5 In tied arch span, fatigue cracks in 
floorbeam web-flange fillet welds 
3 H III Stop hole 
Bolted splice 
3) 
  1974 5 In tied arch span, fatigue cracks in 
fillet welds at connection plate ends 
3 H III Stop hole 
Bolted splice 
3) 
34 Prairie Du Chien Br. 1974 5 In plate girder span, fatigue cracks 
in girder webs of girder-floorbeam 
connections 
3 H III Stop hole 
Bolted splice 
3) 
35 Walt Whitman Br. 1957 11 Fatigue cracks in stringer 
web-flange fillet welds and in 
stringer webs at bracket connections
3 H III Restraint removal 
3) 
36 51.4 Bridge 1970 5 Fatigue crack in stringer web 
(bottom flange) copes at 
stringer-floor beam connections 




37 Commodore John J. Barry Bridge 1973 0 Fatigue cracks near vertical member 
with upper chord member found 
during construction 
4 H - Cable addition 
Install of damper 
3) 
38 King Street Bridge 1961 1 Collapse of one span due to brittle 
fracture in welds at ends of 
tension-flange cover plates 
2 H IV Pre-stress with 
steel cables 
3) 
39 Haseltalbrucke Bridge 1958 25 Fatigue cracks in groove welds of 
longitudinal ribs and in vertical 
stiffener welds at floorbeam 
connections 




40 Fremont Bridge 1971 0 Fatigue crack in junction piece cope 
which connected arch rib to 
stiffening girder bottom flange 
2 H IV Modification of structural 
detail 
3) 
41 Steel girder interstate highway bridge, 
I-40 
- 20 Fatigue cracks in coped ends of 
diaphragms at girder connections 
2 F IV Replacement, Removal of 
connection bolts 
3) 
42 Steel Railway Bridge in Norway 1960 - Fatigue cracks in webs of some 
plate girders at ends of vertical 
stiffeners 
4 G - Stop hole 
3) 
43 First Bosphorus Bridge 1973 30 Fatigue damages at hanger-plates 3 H IV Replacement 75) 
44 Girard Point Bridge 1976 23 Fatigue cracks in floor beam end 
connections 







Rib type Crack location Repair method Ref No 
Year 
1 Steel bridge on Hanshin Expressway 
(welded joints between vertical 
stiffeners and orthotropic deck plate) 
1996 9 U Welded joints between vertical stiffeners and 
orthotropic deck plat 
Cutting treating of 
semicircle 
77) 
2 Steel bridge on roadway bridge 
(intersection of bulb ribs and transverse 
ribs ) 
1969 38 Bulb 
  
Boxing weld joints between bottom of bulb 
ribs and web plates of transverse ribs 
Bolted angle connections 78) 
3 Steel bridge on Hanshin Expressway 
(welded joints between vertical 
stiffeners and orthotropic deck plate) 
1985 20 U Welded joints between longitudinal trough 
rib and orthotropic deck plate 





Steel bridge of The Metropolitan 
Expressway (welded joint between 
longitudinal trough rib and orthotropic 
deck plate ) 
1991 15 U Welded joints between longitudinal trough 
ribs and orthotropic deck plates 




Ohira viaduct of R-50(welded joint 
between longitudinal trough rib and 
deck plate ) 
1983 20 U Welded joints between longitudinal trough 




6 Steel bridge on The Metropolitan 
Expressway (welded joint between 
longitudinal trough rib and orthotropic 
deck plate )(Part 2) 
- - U Welded joints between longitudinal trough 
ribs and orthotropic deck plates 




7 Shonan Br. of R-134(welded joint 
between longitudinal trough rib and 
deck plate ) 
1986 13 U Welded joints between longitudinal trough 
ribs and orthotropic deck plates 
SFRC pavements 83) 
8 Steel bridge on The Metropolitan 
Expressway (upper end of vertical 
stiffener at end diaphragm) 
- 30 U Boxing welded joints at the upper end of 
vertical stiffeners 
Stop hole 84) 
9 Steel bridge on roadway bridge(butt 
wellding of trough rib) 
- 20 U Butt welding of trough rib Replacement, Re-weld 85) 
10 Specimen in transit - 0 U Welded joints between longitudinal trough 
ribs and transverse ribs 
Rebuild 86) 
11 I Bridge(butt wellding of trough rib) - 10 U Butt welding joints of trough ribs Bolted splice 87) 
12 Steel bridge on Hanshin Expressway 
(boxing joints between vertical 
stiffeners and orthotropic deck plates) 
- - U Boxing joints between vertical stiffeners and 
orthotropic deck plates 
ICR(Impact Crack closure 
Retrfit treatment) 
88) 
13 Steel bridge on The Metropolitan 
Expressway(Y-rib) 
- - Y Welded joints between Y-ribs and 
orthotropic deck plates 
Replacement 89) 
14 Steel bridge of Kobe line on Hanshin 
Expressway 
- - U Welded joints between vertical stiffeners and 
deck plates 
UIT 90) 
15 Shinhamadera bridge of Hanshin 
Expressway 
1993 12 U Upper surface of deck plate Bolted splice 91) 
16 Suigou bridge - 30 U Weld zone between deck plate and trough rib Removal of crack, 
Re-weld, Tig dressing 
92) 
  - 30 U Butt weld of trough rib Removal of crack, 
Re-weld, Bolted splice 
92) 
  - 30 U Weld zone between deck plate and vertical 
stiffener 
Removal of crack, 
Re-weld, Improvement of 
vertical stiffener 
92) 
  - 30 U Weld zone between trough rib and transvers 
rib 
Removal of crack, 
Re-weld, Tig dressing 
92) 
17 Steel bridge on Hanshin 
Expressway(part2) 
1997 5 U Welded joints between longitudinal trough 
rib and orthotropic deck 
Removal of crack, 
Re-weld 
93) 
18 Severn Crossing 1971 5 U Fatigue cracks at trough to cross-beam 
connection 
Plate welding and 
Hammer peening 
3) 
  1971 5 U Fatigue cracks at trough to deck plate 
connection 
Increase of weld size 3) 
  1971 5 U Fatigue cracks at web to deck joint Plate welding 3) 
  1971 5 U Fatigue cracks flotation diaphragm Cut away and 
bolded splice 
3) 
  1971 5 U Fatigue cracks at cross-beam to deck joint Re-weld and 
treatment of the toe 
3) 
19 Golden Horn Bridge 1974 19 U Fatigue cracks in butt joints of longitudinal 
trough rib with cover plate 










T-type steel pier on Hanshin 
Expressway 
- - Fatigue cracks in groove welds 
connected transverse beam flanges 
to column flanges 
1 H Reinforcing plate 3) 
 
 
2 Steel Pier with Box section on The 
Metropolitan Expressway 
- - Welded joints at the corner of the 
steel bridge pier 
1 H Removal of crack, Stop 
hole, Bolted splice 
95) 
3 Steel transverse beam on The 
Metropolitan Expressway 
- - Welded joints of diaphragms under 
girder supports 
3 H Stop hole, Bolted splice 96) 
4 Steel Pier with circular section on The 
Metropolitan Expressway 
- - Welded joints at the corner of the 
steel bridge pier 
1 H Removal of crack, Stop 




Steel Pier with circular section on The 
Metropolitan Expressway(part2) 
1969 36 Corner of circular section steel pier 1 H Removal of crack, Stop 
hole, Bolted splice 
98) 
6 Kanagawa Route 1 Yokohane line of 
The Metropolitan Expressway 
- - Corner of rectangular cross section 
steel pier 
1 H Removal of crack, Stop 
hole, Bolted splice 
99) 
7 Steel Pier with Box section on The 
Metropolitan Expressway(part2) 
1971 32 Corner of rectangular cross section 
steel pier 
1 H Removal of crack, Stop 
hole, Bolted splice 
100) 
8 Steel transverse beam on The 
Metropolitan Expressway(part2) 
- - Welded joints of diaphragms under 
girder supports 
3 G Stop hole 101) 
9 Steel Pier using square bar on The - - Corner of rectangular cross section 2 H Bolted splice, Removal of 102) 
62
Metropolitan Expressway steel pier crack, Re-weld, Drilling 
scallop 
10 Steel Pier with circular section on 
Tokyo Metro 
- - Corner of the steel pier 1 H Removal of crack, Stop 
hole, Bolted splice 
103) 
11 Ft. Duquesne Bridge, Pennsylvania. 1969 9 Fatigue cracks in weld joint which 
connected box-section transverse 
beam flanges to box-section column 
flanges in rigid-frame piers 



















Sign pole 1999 0.5 Pole base structure 4 H - U-shaped rib 104) 
105) 
2 Luminaire - - Ribs in luminaires 4 H - Reinforcement plate 106) 
3 Base structure of gate type road sign 
pole 
- - Base structure of gate type road sign 
pole 
4 H - Reinforce rib, 
Carbon fiber sheets 
107) 
108) 
4 Finger joint of long span bridge 1994 10 Welding joint of finger joint 2 D IV Re-weld, Peenig, Toe 
finishing 
109) 
5 Hanger of inspection passage - - Hanger of inspection passage 4 H - Install newly bracings 110) 
63
